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Abstract ••• A QUadrature Modulating Extended
definition television system -QUME. which
enhances NTSC to higher definition , is proposed.
The QUME system uses quadrature modulation of
video carricr with inverse nyquist filter and creatcs
an indcpendent transmission channcl (Bandwidth
IMHz) without using additional channel resources.
One of the features of QUME is that the multiplcxed
signal hardly interferes with the conventional TV
receivcrs, and another is that there is no crosstalk
bctwecn the multiplexed signal and the main NTSC
signal. These features enable a wide aspect ratio
image to bc transmitted as well as high frcquency
components of luminance and/or chrominance
signals, while keeping compatibility with the f"TSC
system.

I. INTRODUCTION

Recently, improvement on television receiver has been
remarkably progressed such as large screen CRT, utilizing digital
processing and TOTV. Still now, strong demand for higher
quality picture eXists. Since the 1970's, much efforts for
developing a high definition television system have been made
by engineers led by Fujio [1] in NHK (Japan Broadcasting
Corporation). This HDTV system primarily aims at DBS
(Direct Broadcasting Satellite) in Japan, and has no compatibility
with the present NTSC system.

On the other hand, some proposals of NTSC compatible high
definition television system have been made such as SLSC [2]
and FUCE [3] system. The SLSC system uses 2 channels to
transmit higher bandwidth of luminance and chrominance signals
and LoCicero [4][5] extended this system to transmit wide aspect
ratio image. Fukinuki [3] uses only I channel to transmit over
6MHz luminance signal, keeping receiver and transmission
compatibility with NTSC. His system uses vacant frequency
bands in the first and third quadrants which conjugate with the
carrier chrominance signal, and transmits high frequency
components of luminance or chrominance signal of a still
picture. The FUCE system cannot transmit high frequency
components of motion parts of images, and therefore cannot be
used to transmit wide aspect ratio image.

The authors have developed a new extended definition
television system using quadrature modulation of video carrier
with inverse nyquist filter -QUME- [6]. The QUME system

uses a single channel (Bandwidth : 6MHz) and keeps full
compatibility with NTSC. These are very important matters
especially in Japan, because there are no more channel resources
available and 70 million NTSC receivers in use. [7] The first
feature of QUME is that the multiplexed signal hardly interferes
with the main NTSC signal, especially if detected using a PLL
synchronous detector. The second feature is there are no
crosstalk between the multiplexed signal and the main signal,
and therefore edge portions of wide aspect ratio image as well as
high frequency components of luminance and/or chrominance
signal in the motion part of the image can be transmitted.

Considering that the nyquist filter and PLL synchronous video
detector are universally used in most of the conventional TV
receivers, an inverse nyquist filter is adopted for filtering the
multiplex signal before added to the main NTSC signal. By
using this filter, the multiplexed signal never interferes with the
main NTSC signal in principle if detected by the PLL
synchronous detector, because the multiplexed signal is shaped
into double side band signal at the receiver.

Detailed principles of the QUME system is described in the
next section. Experimental results of transmitting high
frequency component of luminance signal and simulation resulL<;
of transmitting wide aspect ratio image are discussed in section
III and IV, respectively.

II. QUADRA11JRE MODULATION

i\. Modulation of Multiplex Signal

The conventional NTSC signal has the frequency spectrum as
shown in Fig.l (a), which is called VSB-AM (Vestigial Side
Band Amplitude Modulation). In this figure, PI, C and S

indicate video carrier, chrominance subcarrier, and sound
subcarrier, respectively, and the lower pan of bandwidth than PI

is 1.25MHz. Considering a multiplex signal which bandwidth
is I.25MHz, a second video carrier Pz is used, which phase is

90 degree different from PI as shown in Fig.1 (b). Next step is

band limiting of this modulated signal as shown in Fig.1 (c).
This band limiting is -6dB at video carrier P2- OdB at Pz

- J.25MHz, and - infmite at PZ+1.25MHz. This characteristic is

symmetrical to the nyquist filter at the video IF stage in the
conventional TV receiver. This band limiting characteristic is
called an Inverse Nyquist Filter. As the last step, combining the
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main signal of Fig. 1 (a) and the multiplex signal of Fig. 1 (c),
the QUME signal is obtained as shown in Fig.l (d). Quadrature
modulation of video carrier with the inverse nyquist filter is a
feature of the QUME system. Using the multiplex signal, edge
portions of wide aspect ratio image as well as frequency-shifted
high frequency components of luminance and/or chrominance
signal can be transmitted.
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Fig. 1. Frequency Spectrum of QUME
(a) NTSC (b) Multiplex Signal (c) Multiplex Signal after

Inverse Nyquist Filter (d) QUME

Fig. 3. Demodulation in a QUME receiver
(a) Spectrum (b) Vector Chart

the multiplexed signal is detected along 11 by the synchronous

detector, there arises no quadrature distortion caused by vector 3Z

and bZ' Thus the multiplexed signal bZ never interferes with

the NTSC signal in the receiver with the synchronous video
detector.

On the other hand, the multiplexed signal bZ is detected also

by the envelope video detector, but power of crosstalk by the
multiplexed signal is IOdB less than the case without the inverse
nyquist filter.

C. Demodulation in a QUME receiver

B. Demodulation in a convelltional NTSC receiver

Now let us consider receiving of the QUME signal as
described before by the conventional receiver. This signal
contains the multiplexed signal which is filtered by the inverse
nyquist filter at the transmitter. In the conventional receiver,
incoming signal is band limited by a nyquist filter at the video
IF stage and shaped into the spectrum shown in Fig.2 (a). The
vector chart of this processing is shown in Fig.2 (b). In this
figure, 11 is the video carrier of the main signal and 12 indicates

the carrier of the multiplexed signal, which is 90 degree different

from 11 and, suppressed at the transmitter. In Fig.2 (b), au is

the upper side band signal and 3L is the lower side band signal;

the length of both vectors are different from each other because
the main NTSC signal is vestigial side band. The au and 3L

signals are decomposed to orthogonal components 31 and a2'

As the multiplexed signal is double side band, the upper and
lower side band signals, bu and bL, have the same length and

the composed vector of them, bZ' is in the direction of 12' If

In a QUME receiver, the multiplexed signal is detected by the
synchronous detector after passing through a band-pass filter
from the tuner. This band-pass filter eliminates signals greater
than l.25Jo..lliz of the main NTSC signal and shapes it to double
side band as shown in Fig.3 (a). The vector chart of this signal
is shown in Fig.3 (b). In this figure, bu and bL are upper and

lower side band components of the multiplexed ~ignal, and are
decomposed to orthogonal vectors bl and bZ' which length are

different because the multiplexed signal is vestigial side band.
On the oth'er hand, au and aL are upper and lower side band

components of the band limited main signal, and composed to

vector a1. which is in the direction of II because this signal is

double side band. Thus the multiplexed signal is detected along
12 by the synchronous detector without quadrature distortions of

vectors a1 and bI.

D. QUME Transmitter and Receiver

Fig.4 shows the complete QUME system of transmitter and
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Fig. 5. Experimental QUME system
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receiver. In addition to the conventional broadcasting system,
quadrature modulator and demodulator, and inverse nyquist filter
are newly added. Considering the cost performance of the total
system, cost increase of the receiver should be minimum. Since
the QUME receiver needs no field or frame memories, and the
PLL synchronous detector is already equipped in most of the
conventional receivers, a QUME receiver can be realized by
slightly modifying a conventional receiver with little cost
increase.
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Fig. 6. Photograph of the Experimental System
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Fig. 4. Block Diagram of the QUME system
(a) Transmitter (b) Receiver
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III. EXPERIMENTAL SYSTEM FOR TRANSMIlTING

HIGH FREQUENCY COMPONENT OF LUMINANCE SIGNAL

Using an additional channel of quadrature modulation, it is
possible to transmit various multiplex signals, such as high
frfXjuency component of luminance and/or chrominance signals,
edge portions of wide aspect ratio image, and sub images and
sounds. As the first eXperimental system of QUME, high
frequency component (4.2 - 5.2MHz) of luminance signal IS

chosen to be transmitted for system simplicity.

signal and the multiplexed high frequency component of
luminance signal. The decoder includes an adder of the NTSC
and multiplex signals, a motion adaptive luminance and
chrominance separator, and a motion adaptive scanning
conveTter. A progressi ve scanning moni tor exhi bi ts
improvements of the QUME system.

Fig.6 shows a photograph of the experimental QUME
system.

B. Encoder and Modulator

A. System Configuration

The block diagram of the experimental QUME system for
transmitting high frfXjuency component of the luminance signal
is shown in fig.5. In this figure, the encoder receives ROB
signals from a progressive scanning camera or signal generator,
and encodes them to NTSC signal and composes a multiplex
signal from the high frequency component (4.2 - 5.2MHz) of the
luminance signal. A modulator includes a quadrature modulator
and an inverse nyquist filter, and generates a QUME signal. A
conventional TV receiver receives this QUME signal and
displays a picture for the compatibility evaluation. On the other
hand, the QUME signal is fed to down-converter that converts
RF signal to IF band. The demodulator includes a PLL
synchronous circuit and can demodulate both the NTSC main

A detail of the encoder is shown in Fig.7. All circuits of the
encoder use digital processing for system flexibility; filter
characteristics and subcarrier frfXjuency are easily changed by
ROM coments.

Fundamentally, large part of the encoder is identical to the
NTSC encoder, but the frequency shifter for the high frfXjuency
components of the luminance signal is new. In order to transmit
high frequency component of luminance signal, YH' by

quadrature modulation of video carrier, YH must be extracted

from broad band luminance signal by a BPF, and converted to
YH" the frequency shifted high frequency component. Using

subcanier fs (=4.0MHz) in the frequency shifter, YH (4.2 - 5.2

MHz) is shifted to YH' (0.2 - 1.2MHz), that can be used as a

multiplex signal of QUME. Each spectrum of this processing is
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Fig. 7. Block Diagram of the Encoder

shown in Fig.8. Blanking signal for modulator, in addition to
NTSC and multiplex signals, is generated at this encoder.

Fig.9 shows a block diagram of the modulator and
up-converter. The main NTSC signal from the encoder is
amplitude-modulated by a commercially available standard
modulator into IF band, and the multiplex signal is
amplitude-modulated by a video carrier which phase is 90 degree
shifted from that of the main carrier. The modulated multiplex
signal is band-limited by the inverse nyquist filter, and added to
the modulated NTSC signal after passing a switching circuit
operated by the blanking signal. The multiplex signal is
amplitude modulated with carrier suppression; no signal is
multiplexed during horizontal and vertical blanking periods. A
RF band QUME signal is obtained through the up-converter.

/lAIN SIGNAL
·-----------..0

SIGNAL.

YH

0 4.0 5.2 MHZ

YL / 4.2 ~REQUENCY CONVERSION

\ I

\
\

YH In MUL TIPLEX SIGNAL

1:
..

0 4.2 0.2 1.2

j MAIN SIGNAL

¢r--'----
~ARRIER CH;OMINANCE

Fig. 10. Frequency Response of the Nyquist Filter and
the Inverse Nyquist Filter

Fig. 11. Block Diagram of the Demodulalor

Fig. 8. Frequency Spectrum of Ihe Multiplex Signal

C. Inverse Nyquist Filter

Fig. 10. This sample shows almost symmetrical characteristics
and there is little problem with interference from the multiplexed
signal to the conventional receiver.

D. Demodulator and Decoder
The performance of a conventional NTSC receiver was

evalualed by the RF band QUME signal, and heavily influenced
by inverse nyquist filter. It is important to balance the frequency
characteristic of the inverse nyquist filter and that of the nyquist
filter in the receiver. The frequency characteristics of a current
nyquist filter and a sample of inverse nyquist filter are shown in

Fig.11 shows a block diagram of the demodulator. The
incoming RF signal is converted to IF by the down-converter.
The main NTSC signal is detected by a PLL synchronous
detector after passing through a nyquist filter, and the
multiplexed YH' is detected by a 90 degree shifted video carrier



and passes a 1.25MHz LPF.
A block diagram of the decoder is shown in Fig.12. Both of

the main NTSC signal and the multiplex signal are converted to
digital form and the latter is fed to a converter. YH' is frequency

shifted to YH. added to the main signal. and generates a wide

band NTSC composite signal. A motion adaptive Y/C
separator. a scanning converter. and a chrominance detector are
employed to improve picture quality. Analog Y. I and Q signals
are fed to the display after D/A conversion.

E Frequency ofsubcarrier

To prevent buzz and maintain phase of regenerated video
carrier in a conventional receiver, subcarrier frequency fs for

shifting the high frequency component of luminance signal must
be chosen so that the shifted signal YH' does not include DC

component. In this experiment, fs uses 4.0MHz and such

interference was not present.
Furthermore. to eliminate crosstalk from the main NTSC

signal to the multiplex signal at the demodulator. the subcarrier
fs is line and field offset. The multiplex signal was successfully

Fig. 12. Block Diagram of the Decoder

detected by the offset subcarrier. and the crosstalk from the
multiplex signal to the main NTSC signal is too small to
degrade the main picture.

(a) QUME (Luminance: 5.2MHz) (b) NTSC
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FIg. 13. Photographes of QUME and NTSC pictures



F. Results
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Fig. 14. Crosstalk from the Multiplexed Signal to the Main
NTSC Signal
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Fig.13 (a) shows an example of picture obtained by the
experimental QUME system, and (b) shows a picture by a
NTSC receiver. YH (4.2 - 5.2MHz) was successfully

transmitted and regenerated by a QUME receiver. This
experimental system shows that the high frequency component
of luminance signal of motion picture as well as still picture can
be transmitted..

A small degradation of the main NTSC signal by
multiplexing was detected but far less than an allowable level on
the receiver with the quasi synchronous or envelope video
detector. No degradations were found on the receiver with the
PLL synchronous detector.

Fig.14 shows crosstalk from the multiplex signal to the main
NTSC signal. In this figure, it reveals that the crosstalks on the
receivers with the envelope detector and with the PLL
synchronous detector were about - 20 dB and - 35 to - 45 dB,
respectively. The former level can be accepted if the multiplex
signal is high frequency component as seen in the experiment,
and the latter level leads to the possibility of transmitting
various other multiplex signals.
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fig. 15. Simulation of QUME Wide Television

IV. TRANSMISSION OF
WIDE ASPECT RATIO IMAGE

Using an additional channel of quadrature modulation, it is
possible to increase the aspect ratio from the current 4:3 to at
least 5:3. To check the feasibility of wide television, computcr
simulation to transmit edge portions of wide aspect ratio imagc
was made.

A. Simulation of Wide Television

Fig.15 shows hardware and program flow of the computer
simulation. The original wide aspect ratio ROB images are
prcviously taken by a progressive scanning camera, and 2 frame
memories and monitors are connected to a host computer.
VAX 11(785. The first step is to separate center image and edge
imagcs of the 5:3 image, and time-expand them. The centcr
portion is expanded by 1.25 to the conventional 4:3 image and
cncodcd into NTSC format, and transmitted as the main signal.
Thc edgc portions are expandcd by 5 to I MHz bandwidth

signal, that is transmitted as the multiplex signal.
There are some methods of encoding luminance and



-J...Ju.;;;l_'---=-'-"--.;.. f
1. 25

[MHz]
-1.25 0

(c)

I. 25
[MHz]

o

o
[MHz]

Fig. 16. Spectrum of Wide Television
(a) NTSC (b) Multiplex Signal before Inverse Nyquist Filter
(c) Multiplex Signal after Inverse Nyquist Filter
(d) QUME Wide Signal

-1. 25

- 1. 25

P,C 5

K~'~_
1.25 3.584.5

(b)

PI C s

d tt(a)

-I. 25 0 3. 5B 4. 5
[MHz]

P 2 P e

(d)

B. Results

chrominace signals of the edge portions, such as time
compression integration and TAT [8]. In this simulation, a
subcarrier fsc /5 (fsc = 3.58 MHz) is used to multiplex

chrominance signal just as the same fashion in NTSC system.
Fig.16 (a) shows the frequency spectrum of the NTSC signal
and (b) and (c) show the multiplex signal with modulated
chrominance signal of the edge portions before and after passing
an inverse nyquist filter, respectively, and (d) shows the
generated QUME signal obtained by combining (a) and (c).

QUME modulation and demodulation is implemented in
software. The center portion is demodulated and decoded in the
fashion of the normal NTSC, and displayed on a NTSC monitor.
The edge portions are demodulated by a PLL synchronous video
detector and time-compressed by 5, and combined with the time
compressed center portion. The combined image is displayed on
a 5:3 aspect ratio progressive scanning monitor.

Fig.17 shows images on the 2 monitors in this simulation:
(a) is a composed wide aspect ratio image of an ROB monitor,
that is a QUME wide television. In this picture stiches of two
image portions are almost invisible, although no special
processing [5] is introduced. Fig. 17 (b) is an image of a NTSC
monitor that is equivalent to the conventional receiver with the
PLL synchronous detector. There is no degradation in this
picture caused by multiplexing edge images. But some
interference is detected in the case of the quasi synchronous and
envelope detector, especially on the white portion of images.

By displaying a 5:3 aspect ratio image, reality and impression
are increased[9) and its preference has been pointed by almost all
people who have watched the images generated by this
simulation.

(a) (b)
fig. 17. Photographes of 5:3 and 4:3 pictures

(a) 5:3 RGB Monitor (b) 4:3 NTSC Monitor

V. CONCLUSION

In this paper, QUadrature Modulating Extended definition
television -QUME- system is introduced and the first
experimental system which transmits the high frequency
component of luminance signal has been developed. The
experiments reveals the feasibility of the QUME system, that
the multiplexed signal hardly interferes with the NTSC main
signal and thus the compatibility is maintained, and the

transmitted multiplexed signal is successfully demodulated and
wide band luminance signal is regenerated on the display in the
moving part as well as in still images.

The computer simulation reveals that a wide aspect ratio
image can be transmitted by using the QUME system. NTSC
terrestrial broadcasting can move to wide television system
-improving aspect ratio from 4:3 to at least 5:3 -, keeping full
compatibility with the conventional receivers. The QUME
system is so nexible as to transmit various multiplex signals,
and applicable to PAL and SECAM as well.
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Appendix 2

A Ghost Cancelling Using Pseudo Random Signal Train

Yutaka Miki, Kazuo Kobo, and Hitoshi Takai
Wireless Research Laboratory,

Matsushita Electric Industrial Co., Ltd.

1. INTRODUCTION

The leading edge of a vertical synchronous signal has been used as a reference signal for a ghost canceller in a
television receiver. However, the leading edge is not strictly standardized nor steep enough, and does not keep perfect
correlation with video signal. Accordingly, a reference signal that is dedicated to the cancellation of ghosts is
required. Therefore, we proposed an original system to use pseudo random signal train as the Ghost Cancelling
Reference signal.

II. PSEUDO RANDOM SIGNAL TRAIN

The pseudo random signal train is made by filtering a pseudo random binary level sequence with a filter
satisfying the first Nyquist criteria. A waveform of this signal train used as the GCR signal is shown in Fig. l.
The frequency characteristics of the pseudo random signal train, which is band-limited by the filter, are shown in
Fig. 2.

1.0

\
0.5

~
0 [MHz]

fbf2 4.5

fb: Bit rate

Fig. 1. Pseudo random signal train Fig. 2. Frequency characteristics of pseudo random signal train

The following advantages are obtained when this signal train is used.
(1) Less affected by noise than other GCR signals
(2) Data transmission is possible by bearing an information on the pseudo random sequence.
(3) No reference generator is required in a television receiver.

III. CONFIGURATION OF GHOST CANCELLER

A block diagram of a ghost canceller using the pseudo random signal train is shown in Fig. 3. The output of
the transversal filter is sampled and converted into binary level sequence with a decision circuit. The error between
this binary level sequence and sampled output signal of the transversal filter is detected and minimized by repeating
the correction for the tap coefficients of the transversal filter.

Although the reference signal must be generated in a television receiver if pulse signal or bar signal is used
as GCR, no reference signal generator is required for the pseudo random signal train.

.. Transversal
"'-0 Output-- Filter

ut
~

...
~

• Error Arithmetic

Decision
~

Detection~ Operation

Circuit

Tap Coefficients Control

Inp

Fig. 3. Block diagram of the ghost canceller
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J. Waveform Equalizing Circuit

Mh.p,s,), The Jlllillher llf quallli/illg hih IS setal 'i,
Tliesc IrallSmissil)1I alld s:lIllplillg pllascs .Ire aSyllclllll'
II(JUS, The quanti/ed vldcll siglloll is IIlltpUt III Ihe
waveI'01 III eqllali/illg circuit. Tile telelcxl sign;"s
sllpcrpllsed dlllillg tlie vertical bl:lllking illlerval, are
exllacled flOln waVeflJflll eqllalil.illg L'IICUil IIlplil alld
olllplil at tlie DMA (Direcl Melllory Access) lillling
rrllln tlie timing generating circllit.

The external CI'LI correcls the Ir:tnsversal ril(er tap
cocfficients according to an operatioll b~sed on tlic
MSE (Mean Square Erfor) algorithm, The dal:l fegener
:tting circuit regenerales dala and cluck sign;d is
equivalent to thusc ohtained by quantizing post
waveform equalization data al optimulll s:lIllplillg
timing; then serial data of 5,7272 Mb,p.s, and clock
signals of 5,7272MHz arc output.

Ahslract

Wc 11:IVl' dl'wh'pcd <I IICW lully·digll<l!. ;Id:lplivc
c<ju<lllzeJ 101 tclclcxt leccivl'lS which couuter<lch
w;lvel"rlll dlstorlioll USlllg teletext sigll<lls as rcferellce
SI).!II<11s :llId CIIiU pClls:l1 es equ:ll i/,cd w:lve rl)rlllS, This
Clju;dllcr reduces Ihe hit el rlll 1<llc VS, Video sii-uI<l1 S/N
'" 1/100 th<ll willllllilthe elju;di/el,

I, Introduction

Teletext qll<llity is greatly a/reeled by lIe;l/by
ghllsls aJIll waveforlll distortilllls dlle 10 freqllellcy
ch<ll;lclerislics of the teletext receiver. Tll illlpruve the
quality llr received teletext, 1I];111Y types III al/alllg
equ<llizers usillg CCU devices h:lve bee II developed,
AlllIllst all usc lhe Ieadillg edgc 01:1 vertic<ll SYI/Cllllllliz.
illg sigll;t1 as the referellce sigllal. Whell sllch ;I/!;dllg
dcvlces arc lIs\,'d, Ihe quality 01 telelexts received is
greally alTected by ,I/llbiellt cllllditiolls (lelllpelalille,
hunlillityetc.);qll<llity is also degr:lded by lhe Inst:lbilily
llilhe verlical synclllollizillg sigll<l!. .

We h:lve devclllped :I IICW, rully·digit:ll alLiplive
cqll:llizer 1111 gle:tter ill\fHovelllellt 01 leletext qll:i1ity
(hit elrllJ I<lte VS, vldell slgll;d S/N 1/100 lh:lt \\'llhlllll
l'qll;dlzer)

We h:lve :llslI dL'\'ell'ped Illw,pl)Wel·dis"lp;lllllll
('·,'v!(JS I,Sf (2/1111) 1111 klelexl II~l'L'ivc'",

Input .0 ulQ
vitlue
Cit I

Ollu"
'~IJI ..h.'r

Fig, 2 Block Diagram of Trallsvcrsal Filter

Syslelll f}esl'I'iptioll

I. 1II1It ~I!h.'fj

">Hllidl

:Clock (5 7212 MHz}

L-_--'".
,

1<;21
II ·~d2l2 MIll)

Fig, I Schelllatic Diagralll or Ad;tptil'e Equalizer

!-'ig, is <I sellCIII:I "I' thc :ld:II'llve CqU:lIIZCI, As
sllI'\V1I III lliis I'glllc', II cIIII,isls 111:lllIly III 0111 A/I)
(.')IIVeller. :I woIvcl"'111 cqu;t!lzillg cirCUlI, IIlplll/()lllplll
"lillc'l I~;\M, :t d,II:, rc'gellel:tlillg clle'IIII, :tlld :t 1IIIIIIIg
,l'c'lIl'l:ttilig cllcllit. Tllc'sc' :lIc' c(JIJlrttlkd hy' ;111 l'\lell1:t!
(PI J, Thc A/D CllllverlL'l qlLI1I1 ill'S IlipUt vldc(J slglI:t!S
;,, :t s;lIllplilig frc'qllellc'\' III' I I AS,j,1 .\1111 (1\\'lcl' Illl'
11:tIISlllisSIIlII l'rl.'qllc'IIC\ III leklc:\I )lglr:t!S, 5.1~7~

rhl' wavehllill equall/,ing cirL'llil cllllsish 111';, 1,1·
1:'1) IrallSversal filtcr; lhe internal IIperatilln is executed
hy () flits, In llrder (ll obtaill llptlnUIII! t:lp cocllicierlls.
all MSE algorithm hascd Oil 0111 origillal cOfrclalilln;t!
IIperalilln has hccn developed, Fig, ~ sh"ws tlic hlllck
diagr;1I11 of thc transversal filter, II is III' the pipeline·
l.ollriguratioll, fced·fofw",d clllllrlll, illput-additioll
Iype, :tlld the lap spacing III' I clllck delay (X7,J IISCC)
,lIld 2 cluck delays (17,U, llSec) C:1I1 hl' conllolled hy
Ihe CI'LI, /\11 llflsci leglsler is pl:t<.:ed 1111 Ihe IlIsl stage
IllIdl'llakilig bo(h DC ofrsL't til DC level shift alld the
sellillg of the slicc level. The (:tp cuel'ficicllis ale
cllllected ill acc(lldancc wilh the lesult of lhe correia·
lillllal IIperatioll (I) beillw; a sequence of er,ror signals,
IVlrich is IIbtaincd by c:llculatillg Ihe dillclt.'nce hctwecn
lile 11Ieset rdercllce kwl :llId the p"st.waverOlIlI
c'qll:t!i/alilJII data :I IIII lhe prc.wavcl'llrlll eqilali/,atillll
d;ILI :Ill' ;Ipplicd III IIll' 1'()Jlllul:l (I), Till' fO/lllul;1 (I)

Ilcle illdic:llcs ;1 ClJrll'clillll III' (Ill' illl llr 1\; LIps. (N is
Ille IIII:t1IIlIl11her llr I:lps)

Tile l'eediJack cllL'i'ricielll n is CIIlIlrllllL'l1 :lccordil!'
III resldll;t1 errols 10 illlpillve sLthillly :11111 Cllllvcrgcllce,

OOIH.9200/H6/0200·0533S01 ,00 (c) I'JR6 IEEE
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(2)
( 3)

(4)

M, M}cl 1

[toi)

(J0 ~ 'P < I 13 0

11.3° ~ <{J ~ n.r
3Jr<<{J~45°

M, M I ",' ','.I

1. 11

/t../.·.\I,. -Y I
~.U·"

Fig.5 Illustration of Phase Interpolatioll

dilTelence hct\\'eell Ir,lIlSlllissilJn clock linling :lllll
qll;lnti/,ltioll tlliling: the dillcll'lIce is ·15" al IVIIIS!.
When sampling flequellcy is 5.7272 MII/, cqu:i1to thc
tlanslnissiDn rate, on the othel hand, two saillpies c:ln
he ohtaincd during one CR cycle, these samples have a
phase di/lelcnce of' I KO". Whcn the phase differellce
hclIVeen trausmission clod timing and quanti/allllri
tinling is <jO°. data canrlot he rcgcncrated, Illc output
tillling of' thc illtcgrated (I{ slgn;i1, rour clllllhiuations
of thcse samples makc up tile input of the phase
dliTclence detection circuit: (a. h), (h, a'), (<I', h'),
and (h', a). Of thcse comhination, we will explain, a
particular situatioll in which the relation hetwcen the
<lmplitudc Df salllpies :1 and b, lal and Ibl. is given
<IS lal > Ihl.

The fOllnul:ls (2) ~ (4) IlL'III\\' indicate condilio!lS
IIf the (1'(;1Ii1II:1tivc rcl:ltion hel\\'ecil 1:11 and Ibl and
theil lelatieJlI wilh detectcd pli:lse dillerence <p.

Fig. 4 Olle-Cycle Sampling Data of CR Signal

1:11 Ihl> 4'Ihl
1/2'lhl~lal Ihl~'Hhl

1:i1 Ihl < 1/2 'jlJI

Accordiug lu thcsc lormul:ls, the ph:lse Illlerpol,ltion
control circuit sets Ihe r:ltio of clJelllcieuts MI ,lIld ,\1 2

or the nllrltiplier in the phase inlc'lJOlation circuit :It
I :(). I: 1/2, ,uld I: I. I'hasc is shirtcd hy putting:l ;lIld h
In llil~se latius. III other words, the phase illterpol:lt'lJn
cucull is <I 2.tap tr:lnsvers;1! fritci wilh Lip coefricierlls
,\1, alld Mi.

Fig. 5 is a schcma of ph:lsc interpolatlun based on
ph:lse shifting of three different r:ltios.

I' and 1" indicate sampling points ohtaincd hy phase
interpolation; each indiC:ltes, rcspectively, Ihal thc
ph:lse diffclence hetwcen transmission cluck liming
a111.1 Ijllallllz:ltioll timing has beell reduced frolll 'fJ to 'PI

III (II), alld f',olll <p 10 <(J2 ill (iii)

--.; OutfltJI

c 5
g ~
• u

~g
• c
- 0E u

l~ __.~ . _

')h~!5.8 tJi/huence d"lccl!nn circutl

_1_

Xi

".i (Il)

Input signal.,>

error signals (arter n tillles
l'OI red ion )

n teedh;lc~ t:oclTicienl

4. Data Regenerating Circuit

Inpul

In the initial stages of the operation, a large figure
IS applied to cr, in order to improve t:onvergcnt:e. After
the installmcnl, a slllall figure is applied to 0 to ensure
slahility.

To aVOid divergent:e, thc SUlll of all t:ol'llJcicuts is
calculaled to dctet:t the sLltc of tile coelllClcnts cvelY
Illlle t,lp t:ocllit:ients arc cOilecled.

N
(.'i(II+1) C(1I1 cr ~ Xl; l:k(1I1 . (I)

k=1
Cj (II) tap t:ocfliciellts (after n times

coned ion)

Fig. 3 Block Diagram of Data Rcgcnerating Circuit

A phase Intcrpolatiou t:irt:uil t:olliposcd of slillplt:
h,lIdwarc has heell developed for the (Lita rcgencrating
lllCllit 10 match Ihe samphng phasc of thc A/I) con
\I'llel with (kit of the t:loc~ frcqucnt:y. hg. .1 is the
I>lock diagram of the d;lta legeneratlng cirCUit.

This circllit IS 1ll,lirdy compuscd of a correlational
CI rCIl it, phasc diller CIlCC delectlon cireu ii, intcrpola t iou
control circuit, and a phasc interpolation circuit.

The correlation circuit extracts thc CR (clock
IIln-in) signal ;JIld inlegrates it; the intcgratlon is fed
to thc phase differencc defection circuit according
III thc tillling generating circuit. Thc phase difference
dL'lection circuit detects thc phase diffcreuce hetwcen
"1'lirllUIll sampling timing and quanliz:rti1ln tlllling,
IIslng alllplitiide and polarity of two COlltinulJus
';Inlpling data of the CR signal illtegr;i1 calculus ;lIld the
phase crror of the detection is within II J". According
III tIle detccted phase differeuce, the irlterpolation
clllltrol circuit controls thc phase Inlerpolation circuit,
phase-shifts) which is cqual to the qualltization al
oplilllum samplmg timillg, and regcnerates data and
the clock signa!.

III Fig. 4, a, b, a', and b' alC four s:lInples ohl;uned
during one cyclc rr = 1/5.7272 /lsec) III' the CI{ sigll<ll:
c:lch s<lmple has a phase difference ol'J()". C and C' :IIC
tr<lnSlllissioll clock tilll!"". ,p illdic:i1cs the ph:lse
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5. Wavcform Equalizatioll Efficicllcy

Fig. (l shows thl.: bit error rate vs, input video
signal SIN on conditiull that the ghost is single and its

delay is, in (i), 300 nsee, phase Uo, and in {iii 500 nsec,
phase 0°, By wavcrorlll equalizatioll, the bit error rate is
reduced to 1/l00 or what it would be without the
equalizer,

10" r-------------------,

504030

10-' -

10-1r-----.-------------,
Ghost delay 500 n sec DIU 6dB Phase 0'

.-.. After equalization
~'.l(... 'I.- -X Without equalization

".1(,

" ,/X
'.l( "..., "

'X"

10-' L--J_---..l_-=........F:=~=~----J

20

....
iii

<II
10
II: 10-3 -
(;
t
w

. 5040

___ After equalization

X--X Without equalization

30

X,
"X.

--X---X---X---x

Ghost delay 300 n sec DIU 6dB Phase 0"

10 ' -

10'"---'--

20

<II
10
II:

10 3
(;
t
w....
iii

10' •

Video Signal SIN (dB)
Video Signal SIN (dB)

(i) Oi)

Fig. 6 Bit Error Rate vs, Video Signal SIN

(l. LSI Fealures
LS [ Spccifica (ion

irll/lossihlc dllc to gliosis, group delay dislLHtiolls which
I}LTlir at tile Irallsmissiull lillc, or wavcforlll distortio/lS
c,ltlscd hy rrcqucllcy charactcristics ur the receiver,
l'v!llrcover, willi the USt' of 'lit algorithm which uses
tclctext sign:t)s superposed Olt tclevisioll sigllals :ts lh~

IclCll'IICt' ,ign;i1, I hc :tpplic,tlil}11 of the ,id,lptivc
"'I",tllll'l to w:IVCfOllll cqu;i1I/,ltioll in (Lita Ir,IIlS'
1111'S1<111, wllosc 1t:IIISIIlISSlOIi I'lcqllellcy is allliost cqual
to 11"lt of Icktcxl, C;lll hc ,tlso considercd. On thc
,dllcr iLllld, 1111 lltc cllll'IClil'V of tile :tILIP!il'C' cqualizcr.
III,: 1"lldll,IIC StillCtlllC, l',lllvcrgcllce, alld st:lhility arc
11111)(11 (,1I1l I':tc!ors, Thcrcl'lJrc, fot lhc purpose or
ilnprtJVCII1Clit or cOllvcrgcllcc, :tlld prevcnting ovcr·

The LSI has heen designed ern phasizlIlg high ·speed
Illlt:r:liillll, IIJlJlirlliz,lti'lll Ill' chip size, :lnd reductioll of
p l 1\11el dissil':lliorl. The LSI I'calures arc:ls I'ollows:
I) The Illllnhcr or clemen Is in the Inuiliplicr can he

reduced hy dividing the hasic filter block or the
tr:uIsvcls,d fillcrllito 5·hit and (J·hll c(lntiguralions
:uul hy rllllitiplying t:lP coefTicicnts ,lIld tr,1I1svers,i1
riltcr inpul with ahsolulc values respcctivcly.

.2) Illgh-specd opcr:ltion call he realll.l:d hy Illlple·
Illl'nii IIg 2·phasc clod; \II II tin gill DM;\ Inll/Ie, ill
which transversal tiller input ,111l1 oul put ,Ill'

directly slorl.:d in [{AM.

3) 'lfJ'X, reduction or pO\ller t1issip:liion IS plJSSlhle hy
hailing the AID COllvcrtcr whilc leletcxt,sign,l!s arc
not acculllulatillg,

4) Wiring neld, resisLIIICl.:. :tllll· C,lp,ll'lty c:ln hc
dl'crcase'll hy arl:lllging C:tc:ll hlOef; :tl"llg tlte sigll:i1
/low.

7. COllclusion

ThiS Ilnvly (k'l<'I'}I'l'd ,ld;lpti'/l' Cqll.tll/l'l Il);lkn II
pl}S'ilhll' !o providc lclcte"t servicc to:t wldcl, r;lngc (II
:tre:ls where previ'1usly lelelcxt lCll'pll111l IV;IS

Process

Chip size

Eloments

Package

Power dissipation

Basic clock frequency

Input butfer RAM capacity

Output butrer RAM capacity

5,73mmX6.52mm

42,000 transistors

40 PIN OIL

300rnW (typ.)
-------

11.4544 MHz

5x192 word

6x 192 word
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equalizatio/l anu diverge/lce, the tap coefficie/lt control
algorithm is vcry important. In this matter, various
sludies ,ne being made; this /lew adaptive equ,ilizer

IEEE Trall,actions on Consulller Electrollics, Vol. CE·32, No.}, August 1<JH6

employs the MSE algorithm and l'llsures stability ,md a
convcrgcllce time of J0 secollds or kss. From now on,
we will dcvelop a ghost callceller usiug Ihis technique.

Photograph of the LSI

Ac k n () w ledglll e 11 ts

III closing. the authors would like to express their
deepest gratitude to Mr. Nakajima, Director "f the
Wlieless I{esearclt Laboratory of ,~Iatsushita Fkcllic
Illdustiial Co, Ltd. for givillg us tlte 0flPollunily to do
Ihis research, alld to thosc of the Televisioll DivislOIl
alld Vidco Equipment Divisillil of 1\1atsushita Cll., Ltd.
alld M,ltsuslllla ElectrOllics Corp. for tllL:ir gellclllUS
SUpport.
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